Introduction
Nutrition is the most important need of humans. The nutrition problem increases day by day, in parallel with the increase in world population. Although there is no shortage of food in Turkey, a nutritional imbalance exists based on grains. Animal-based food is of high importance for sufficient and balanced human nutrition. Turkey has high potential in livestock, but the desired animal production has not yet been reached (Tükel and Hatipoğlu, 1997) . Corn is the most important silage plant that is capable of satisfying the demand for both concentrate feed and fodder. Concentrate feed requirements decrease by 33%-50% in animals that are fed with corn silage (Sade and Soylu, 2008) . Corn is the most important plant grown for silage production both in Turkey and worldwide (Turgut, 2002) .
The number of plants grown in each unit field is high in soils containing a sufficient amount of useful nutrients. An increase in the amount of nitrogen delivered with fertilizer allows more plants in each unit field and higher yield (Sencar, 1988) . Most research detected that distances of the rows affected yield, and high and low plant densities limit corn yield. As climate and soil properties are different from region to region, determining factors such as selection of a suitable variety, nitrogen dose, and planting density are very important for growing corn. A suitable plant density must be provided in order to obtain a high yield in corn production. Determining the optimum plant density in a manner that enables the plants to benefit from the available water, nutrients in the soil, and light energy is highly important for decreasing production costs (Kırtok, 1998) . The yield and the quality of corn silage is related to the genotype, as well as factors such as climate and soil conditions, altitude, planting time, plant density, irrigation, and harvesting time (Cusicanqui and Lauer, 1999) .
Today, there are no further opportunities to expand agricultural fields; thus, increasing the yield per unit field is the only way to increase agricultural production. It is possible to increase production 5-fold with irrigation; however, the decrease in water resources and the distortion of water quality due to rapid development limits irrigation in agriculture. The use of irrigation methods that conserve water, selection of drought resistant cultivars, and protection of water resources are important strategies for supplying the food demand of an increasing population. Seventy-two percent of the water resources in Turkey are used in agriculture, 18% are used domestically, and 10% are used in the industrial sector. Turkey does not have a shortage of water, but it is one of the countries with limited water consumption. In order to supply the growing food needs of developed countries between the years 2000 and 2030, agricultural production must be increased by 67% and water consumption in agriculture must be decreased to 14% (TMMOB, 2009) . Today, irrigation methods and systems that mitigate drainage and salinity problems in soil by decreasing irrigation water usage through more economic applications have become important (Aras, 2006) . Arranging precise irrigation programs and using more effective irrigation methods are the best ways to increase yield while decreasing the amount of irrigation water used in agriculture. These problems have been partially solved with subsoil drip irrigation. However, in this method the emitters are plugged by the plant roots, and thus the use of chemical weed controllers becomes a necessity to prevent this problem. As a result, plant roots are damaged. A system called subsoil capillary irrigation was developed to prevent all these undesirable circumstances. This new irrigation system was used as a third irrigation method in our research. The aim of this study was to determine the effects of different irrigation methods and plant densities on silage yield and yield components of the PR 31Y43 hybrid corn cultivar.
Materials and methods

Experimental site
The research was conducted in the research fields of Eskipazar Vocational High School in the years 2011 and 2012 under the ecological conditions of the district of Eskipazar in the province of Karabük, Turkey. The quality of the irrigation water that was used in the research was good (EC = 0.65 dS m -1 , pH = 7.2). The Eskipazar district has a transition climate between the Black Sea and continental climates. Some of the climate data recorded in the Eskipazar district during the corn growing periods of the study years (2011) (2012) and the long-term means of these data are given in Table 1 . It can be seen in Table 1 that the total rain and temperature means in 2011 and 2012 were slightly lower and slightly higher than the long-term means, respectively. Soil samples were taken from depths of 0-30 and 30-60 cm and analyzed to determine the physical and chemical properties of the research soils (Table 2 ). As seen in Table 2 , the soils are clay-loam textured and the organic matter content is low (1.49%). (D3)] were investigated. The experimental design was a randomized complete block in a split plot arrangement with 3 replications. The irrigation methods (I1, I2, and I3) to be placed on the main plots and the plant densities (D1, D2, and D3) to be placed in split plots were selected randomly. The split plot size was 2.8 × 5 m with 4 rows per plot.
Irrigation system design and applications
The Hydro PCND drip lines of the John Deere Company with 50 cm emitter spacing, 16 mm diameter, and a flow rate of 2.35 L h -1 for each emitter were used in the drip, subsoil drip, and subsoil capillary irrigation methods. When plants were 4-5-leafed, 3 different irrigation methods were applied to the plots. The drip lines were placed 1.4 m apart, and each drip line was centered between 2 corn rows spaced at 70 cm in the 3 irrigation methods. The drip lines were buried with an installation depth of 20 cm for the subsoil drip irrigation method. Capillary drip lines were buried as in the subsoil drip irrigation method. In the subsoil capillary irrigation system, drip lines were coated with dispersion material to allow uniform irrigation. This dispersion material consists of microfibers such as polypropylene, and its water holding and transmission capacity is very high compared to soil (Figure 1 ). Flowing water from drip line emitters contacts the dispersion material, and water is distributed uniformly via coated polyethylene film. Water transfer is provided from the surface of 2 united ends of this dispersion material to the soil by the principle of capillarity (Figure 2 ). Thus, uniform irrigation can be provided without using herbicides to prevent the clogging of emitters by plant roots. A time domain reflectometry (TDR) device was used to measure soil moisture to determine the irrigation program during the research. This method is based on measuring the travel time between 2 points of the electromagnetic waves sent from a voltage source through metal bars buried in soil that are parallel to each other. To determine the relationship between volumetric soil moisture and TDR readings, a 40 × 70 × 25 cm plastic case was placed, and an undisturbed soil sample was taken from the research field and completely saturated with water. Later, undisturbed soil samples were taken periodically, and gravimetrical moisture estimates were made using an oven; these estimates were transformed into volumetric values and the related TDR readings were recorded ( Figure 3 ). The irrigation began when consumption of 30% (25%-35%) of the readily available soil moisture versus TDR reading of 42 (39-45) was obtained. Water was supplied by the system by calculating the water amount in a manner designed to bring a 25-cm soil profile to field capacity before the stem elongation period and a 50-cm soil profile to field capacity after the stem elongation period. A TDR value of 55 was read against the field capacity (32.37%, v v ). TDR readings were made from a distance of 10 and 20 cm from the center of irrigation laterals and soil depths of 20 and 40 cm in all irrigation methods and plant density applications. The accuracy of the irrigation amount was controlled by TDR readings made 24 h after irrigation. The irrigation amounts measured with water counters were recorded, and the total amounts used at the end of the season were defined. Although the number of irrigation sessions was equal, the amount of irrigation was different in all irrigation methods (Table 3) . ) was applied with each irrigation session in the form of ammonium nitrate (33% N).
Evaluation and statistical analysis
After removing border effects, 2 center rows of each split plot were harvested. Harvesting was made at the milkline, which was between 50% and 75%. The plant-based measurements were made on 5 randomly selected plants from 2 center rows of each split plot. The plant height (cm), plant leaf number (plant -1 ), leaf area (cm 2 ), stem diameter (mm), fresh ears, stem and leaf ratios (%), green and dry plant weight (g), dry matter (%), and silage and dry matter yield (t ha -1 ) were examined (TÜGEM, 2010) . All data were analyzed using an analysis of variance according to a randomized complete block in a split plot experimental design. The least significant difference (LSD) procedure was used to separate mean values when the F-test was significant (MSTAT-C, 1980 ).
Results
Irrigation water amounts
The amounts of irrigation water used are presented in Table  3 . Overall mean irrigation water amounts and numbers in the 2012 growing season were higher than in 2011. This may be attributed to differences in the climatic conditions in the growing seasons. The average temperatures in 2012 were higher than in 2011 (Table 1) . Under the mean I1, I2, and I3 irrigation treatments, the amounts of irrigation water used were 481, 446, and 428 mm in 2011 and 567, 528, and 507 mm in 2012, respectively. The first and second study year records showed that the I2 and I3 irrigation methods led to 7% and 11% water savings, respectively, compared to the I1 irrigation method. Under the mean D1, D2, and D3 density treatments, the amounts of irrigation water used were 408, 443, and 504 mm in 2011 and 486, 521, and 596 mm in 2012, respectively (Table 3) . The results obtained during the 2 study years show that the D3 and D2 plant densities used more water than the D1 treatment (23% and 8%, respectively). The applied irrigation water amounts in all irrigation and plant density treatments were recorded separately. There were 34 irrigation applications during the first study year, and 433 mm (I1 × D1), 471 mm (I1 × D2), 538 mm (I1 × D3), 402 mm (I2 × D1), 438 mm (I2 × D2), 498 mm (I2 × D3), 389 mm (I3 × D1), 419 mm (I3 × D2), and 476 mm (I3 × D3) of irrigation water were applied in total. In the second study year, irrigation was conducted 36 times, and 515 mm (I1 × D1), 555 mm (I1 × D2), 633 mm (I1 × D3), 480 mm (I2 × D1), 514 mm (I2 × D2), 590 mm (I2 × D3), 462 mm (I3 × D1), 494 mm (I3 × D2), and 566 mm (I3 × D3) of irrigation water were applied in total (Table 3) .
Dry matter and silage yields
In both research years, the dry matter yields (P < 0.05) among plant densities were statistically significant. In the first year, the highest dry matter yield values (24.9 and 23.6, respectively) were obtained from the D3 and D2 plant densities, and in the second year the highest dry matter yield (22.4) was obtained from the D3 plant density and occurred in the first group (a) ( Table 4 ). In both research years, the silage yields (P < 0.01) among plant densities were statistically significant. In the first year, the highest silage yield values (88.4 and 82.2, respectively) were obtained from the D3 and D2 plant densities, and in the second year, the highest silage yield (85.9) was obtained from the D3 plant density and occurred in the first group (a) ( Table 4 ). In the second research year, the silage yields (P < 0.05) among I × D interactions were statistically significant, and the highest silage yield (90.0) was obtained from I3 × D1 interaction and took place in the first group (a) ( Table 4) .
Dry and fresh plant weight
In the first research year, dry plant weight values among irrigation methods and plant densities were not significant (Table 4 ). In the second research year, the dry plant weight values (P < 0.01) among plant densities were statistically significant. The highest dry plant weight (211.9) was obtained from the D1 plant density and occurred in the first group (a) ( Table 4 ). In the second research year, the dry plant weight values among irrigation methods (P < 0.05) were statistically significant. The highest dry plant weight (206.0) was obtained from drip irrigation and occurred in the first group (a) ( Table 4 ). In the first and second research years, the fresh plant weight values among plant densities (P < 0.05 and P < 0.01, respectively) were statistically significant. In the first year, the highest fresh plant weight (749.8) was obtained from the D2 plant density applications, and in the second year the highest fresh plant weight value (778.8) was obtained from the D1 plant density application and occurred in the first group (a) ( Table 4 ). In the second research year, the fresh plant weight values (P < 0.05) among irrigation methods were statistically significant. The highest fresh plant weight (761.2) was obtained from drip irrigation and occurred in the first group (a) ( Table 4 ). In the second research year, the fresh plant weight values (P < 0.05) among I × D interactions were statistically significant, and the highest fresh plant weight (867.0) was obtained from I1 × D1 interaction and occurred in the first group (a) ( Table 4) .
Fresh leaf, ear, and stem ratios
In the first study year, the fresh leaf ratio values (P < 0.01) among plant densities were statistically significant. The highest green leaf ratio (19.2) was obtained from the D3 plant density and occurred in the first group (a) ( Table  5 ). In the second research year, the fresh leaf ratio values (P < 0.05) among I × D interactions were statistically significant, and the highest fresh leaf ratio values (21.2 and 20.6, respectively) were obtained from the I3 × D3 and I1 × D2 interactions and occurred in the first group (a) ( Table 5 ). In the first and second research years, the ear ratio values (P < 0.05 and P < 0.01, respectively) among plant densities were statistically significant. In the first year, the highest fresh ear ratio (42.5) was obtained from the D1 plant density and occurred in the first group (a). In the second year the highest fresh ear ratio values (40.4 and 40.3, respectively) were obtained from the D1 and D2 plant densities and occurred in the first group (a) ( Table  5 ). In the second research year, the fresh ear ratio values (P < 0.01) among I × D interactions were statistically significant, and the highest fresh ear ratio values (41.7 and 41.6, respectively) were obtained from the I3 × D2 and I1 × D2 interactions and occurred in the first group (a) ( Table 5 ). In both research years, the fresh stem ratio values among irrigation methods and plant densities were not significant (Table 5) . *, **: significant at 0.05 and 0.01 probability levels, respectively; ns: not significant; EMS: error mean square. Values followed by the same letters are not significantly different.
Plant height and stem diameter
In the first research year, the plant height values (P < 0.01) among plant densities were statistically significant. The greatest plant heights (288.9 and 284.3, respectively) were obtained from the D3 and D2 plant densities and occurred in the first group (a) ( Table 6 ). In both research years, the plant height values (P < 0.01) among I × D interactions were statistically significant, and the greatest plant height (296.9) was obtained from the I1 × D2 interaction in the first year and occurred in the first group (a); in the second year it was obtained in the first group (a) and produced a plant height greater than in all interactions except I3 × D2 (Table 6 ). In the first and the second research years, the stem diameter values (P < 0.05 and P < 0.01, respectively) among the plant densities were statistically significant. In the first year the highest stem diameter values (20.5 and 20.4, respectively) were obtained from the D1 and D2 plant densities and took place in the first group (a). In the second year, the highest stem diameter value (21.3) was obtained from D1 and occurred in the first group (a) ( Table 6 ). In the second research year, the stem diameter values (P < 0.01) among I × D interactions were statistically significant, and the highest stem diameter values (22.1 and 21.6, respectively) were obtained from the I1 × D1 and I3 × D1 interactions and occurred in the first group (a) ( Table 6 ). 
Leaf number and leaf area
In the second research year, the number of leaves (P < 0.05) among plant densities was statistically significant, and the highest number of leaves (13.0) was obtained from the D2 plant density and occurred in the first group (a) ( Table 6 ). In the second research year, the number of leaves (P < 0.01) among I × D interactions was statistically significant, and the highest number of leaves (13.3 and 13.2, respectively) was obtained from the I3 × D3 and I1 × D1 interactions and occurred in the first group (a) ( Table  6 ). In the second research year, the leaf area values among plant densities (P < 0.01) were statistically significant, and the largest leaf areas (557.3 and 522.3, respectively) were obtained from the D1 and D3 plant densities and occurred in the first group (a) ( Table 6 ).
Discussion
Irrigation methods had a statistically significant impact on the fresh and dry plant weights in the second research year, and the highest values were obtained from drip irrigation. I × D interactions were statistically significant for the silage yield, plant weight and height, number of leaves, stem diameter, and fresh leaf and ear ratio in both research years. In the second research year, the highest silage yield was obtained from the I3 × D3 interaction (Tables 4-6 ).
Applying the correct amount of water is particularly critical for crops that are sensitive to water stress. Although the total amount of water applied to plants during the entire growing period was important, the timing of the applied irrigation was more critical. There was no significant yield difference for well-watered irrigation treatments (Howell Evett et al., 2000; Trejo et al., 2006; Kirnak et al., 2010) . This study indicates that up to 7% and 11% of seasonally applied water might be saved by using subsoil drip and subsoil capillary irrigation, respectively. Subsoil irrigation treatments have the potential to save irrigation water by reducing soil surface wetting, thus reducing evaporation (Evett et al., 2000) . A major advantage of a buried line or tape is that the soil surface remains almost completely moisture-free, greatly reducing evaporation and ensuring that more water is available to the plant . Subsoil irrigation maintains the soil surface structure more effectively and makes it easier to allow for rainfall events (Harris, 2005) . Using a subsurface irrigation method may save irrigation water. Savings will be obtained through reduction of nonbeneficial water balance components such as soil evaporation, runoff, and deep percolation and better usage of precipitation (Kheira, 2009) . Subsoil capillary irrigation produces a wider lateral wetting pattern and greater uniformity between drippers, while reducing drainage beneath the root zone (Charlesworth, 2003) . The findings obtained in our research were similar to most of the previous research into determining the effects of different irrigation methods on silage yield and yield components in corn cultivars (Camp et al., 1989; Adamsen, 1992; Howell et al., 1997; Evett et al., 2000; Trejo et al., 2006; Hassanli et al., 2009; Hammad et al., 2012) , but the findings were also different from those of other studies (Humphreys et al., 2005; Ramirez et al., 2006; Kheira, 2009) . Differences among the results of studies regarding the effects of irrigation methods on silage yield and yield components may be due to differences in ecological conditions of study locations as well as cultural conditions such as fertilizing, soil structure, and the genetics of the cultivars used in these studies. In both research years, the plant densities had a statistically significant impact on the silage and dry matter yield, fresh plant weight, stem diameter, and fresh ear ratio. The highest stem diameter, fresh ear ratio, and fresh plant weight values were obtained from the D1 plant densities, and the highest silage and dry matter yields were obtained from the D3 and D2 plant densities. Silage and dry matter yields increased as plant density increased. There were also negative relationships between plant densities and stem diameter or ear ratio. The highest stem diameter and ear ratio values were obtained at the lowest plant densities (İptaş and Acar, 2006; Yılmaz et al., 2007; Öztürk et al., 2008; Budaklı Çarpıcı et al., 2010) . Corn yield is influenced by numerous interactions including environment (temperature, photoperiod, and light intensity), agronomic management (plant density, sowing date, fertilizer, and harvest stage), and genetic factors (İptaş and Acar, 2006) . While single-plant yield decreases with increasing plant densities, total light interception by the canopy increases (Yılmaz et al., 2007) . In the first research year, plant densities had a statistically significant impact on plant height and fresh leaf ratio, while in the second research year they had a significant impact on the number of leaves, leaf area, and dry plant weight . In this study, plants did not encounter water stress in the growing seasons due to optimum irrigation management, which created the appropriate conditions to grow more plants per unit area. The results obtained from many studies conducted on the effects of plant densities on silage yield and yield components in corn (Zea mays L.) support the findings of this study (Cusicanqui and Lauer, 1999; Cox and Cherney, 2001; Patricio Soto et al., 2002; Saruhan and Şireli, 2005; Hashemi et al., 2005; Turgut et al., 2005; Stanton et al., 2007) , while some studies provided different results (Cox et al., 1997; Shapiro and Wortmann, 2006; Jeschke and Curran, 2008) . The differences regarding the effects of plant densities on silage yield and yield components in corn may be due to ecological conditions and differences in the genetics of the cultivars used in these studies.
The results showed that higher density treatments tend to use more water. In both study years, D3 and D2 plant densities used more water than the D1 treatments (23% and 8%, respectively). This may be due to a higher density of roots, which enabled the plants to extract large amounts of water. The high number of plants competing for soil moisture and a more balanced plant growth pattern may have been the reason for the rather high water use values recorded (Sani et al., 2008) . The D3 and D2 plant densities in all 3 irrigation methods could be recommend for corn silage farmers. However, when water conservation is taken into consideration (I2, 7%; I3, 11%), subsoil irrigation becomes more important.
